In 1923, Sharlit and Seheer (1) published a paper entitled "The Hydrogen-Ion Concentration of the Healthy, Intact Skin," in which they discussed in detail the meaning of hydrogen-ion concentration and pH, and showed how the entire concept of hydrogen-ion concentration is a part of the general theory of electrolytic dissociation. They stated that the only method available at that time for measuring the hydrogen-ion concentration of the skin was the colorimetric method and, using this method, arrived at an approximate average pH of 5.5.
other electrode "poisons" and various salts. The hydrogen electrode is tedious to operate and in its application to the skin surface, Schade and Marchionini noticed that the respiration of the skin introduced errors.
Early in this century, it was observed that a glass membrane acquires a surface potential with respect to a solution in contact with it and that this potential varies with the pH of the contacting solution. Thus, if the membrane separates solutions of different PH, there will exist a difference in potential between the two sides of the membrane. If the solution on one side of the membrane is maintained at a constant pH, and the pH of the solution on the other side is varied, then the difference in potential will be proportional to the pH of the solution whose pH is varied. If, then, an electrode is constructed from such a membrane with the solution on the inside of the electrode at a constant pH and the electrode contacted to the skin surface, the difference in potential developed will depend upon the pH of the skin surface.
A detailed discussion of the theory of the glass electrode may be found in a series of papers by Dole (5) . Suffice it to say here, that the glass electrode does not have the several weaknesses pointed out for the colorimetric or other electrometrie methods. That is, it is not altered by the presence of oxidizing or reducing substances; it is not susceptible to "poisons" or protein error; it has a salt error only in the range of pH higher than the skin pH (and then it is a calculable error).
Because of the high resistance of even the special glass membranes, however, the determination of the difference in potential across the membrane has, in the past, been so tedious that not until the recent development of the vacuum-tube potentiometer has this method become practicable for clinical use in the determination of pH on the skin surface. Now a portable potentiometer, such as the one shown in Figure I with a shielded extension cable and suitable electrodes, offers an extremely simple, convenient and accurate method for this determination. In warm, humid weather, difficulty has been experienced because of electrical leakage and electrostatic pick-up, but it is believed that the newer developments in shielding and drying will eliminate part or all of this difficulty.
The glass electrode used in this study was of the Maclnnes type and was made with a 6.0 cm. length of 9.0 mm. soft glass tubing with a flat membrane of Corning 015 glass over the end, as shown in Figure II . This shape electrode was thought to be the most practical because it permitted contact with the skin of a conveniently sized area and the upward forces, resulting from skin contact, were taken up by the heavy walls (rather than the thin walls of the bulb type) and thus breakage was minimized. The N/10 hydrochloric acid solution and the quinhydrone in the It is necessary only to place both electrodes in contact with the skin and the pH may be read directly. In all of this work, the electrodes were only about one centimeter apart. There is a temperature adjustment on the potentiometer which should be set at the temperature of the solution being tested. For these present studies, this adjustment was set at 30°C., which was considered an approximate average of the temperature of the skin surfaces. Even if this setting is several degrees different from the actual temperature of the skin when tested, an error of less than 0.05 pH is introduced.
If the two electrodes are contacted to the "dry, unprepared" surfaces of the skin, a reading is obtained. The end-point in such Repeated determinations have indicated that washing the skin with ether alters the final reading only very slightly, and even though it may be slightly different from the reading obtained on the unwashed skin, it is felt that since it is the more constant reading, it is likewise the more significant except, perhaps, for some special work.
In addition to washing the skin with ether before the determination, it was found advisable to moisten the skin with a 0.1 per cent sodium chloride solution. Before including this step in the standard technique, it was necessary to determine how the pH of this solution influenced the final reading. Determinations were made on six areas of each arm of a male, age 37 years, using a 0.1 per cent salt solution adjusted to pH 5.0 by the addition of a trace of hydrochloric acid. Two hours later the determinations were repeated, using the same solution for measurements on the left arm, but a solution of a different pH (added traces of HC1 or NaOH) for measurements on the right arm. The reproducibility of measurements on the two arms was compared. Only one such set of readings (two on each area) was made on any one day.
Care was exercised not to contact these areas with any markedly alkaline or acid material during the two-hour interval between readings.
The data in Table I show that even though there may be dayto-day variations in the pH of an area, the determinations are, for the most part, reproducible at a two-hour interval to within less than 0.1 pH when an unbuffered contacting solution of pH 5.0 is used (left arm). Also, these data show that the unbuffered contacting solution must have a pH below 4.0, or above 9.7, before the determinations show any consistent variation from the results obtained with a contacting solution of pH 5.0.
One should also question whether, in this determination, any factor other than the pH of the solution on the skin surface affects the difference in potential on the two sides of the membrane and thus influences the final pH reading. If the same value is obtained for the two pH determinations of a well buffered solution, one when the solution is in a glass vessel and the other when the solution is used on the skin in the same manner as the unbuffered contacting solutions in the above technique, then it is probable that no other factor is affecting the determination. The two determinations on several individuals for buffer solutions of pH 3.0, 4.0, 5.0 and 7.0 differ not more than 0.05 pH for any one buffer solution.
Thus, we have adopted a standard procedure of washing the area to be tested with ethyl ether, moistening it with a thin film of a contacting solution, containing 0.1 per cent NaC1 and having 
DISCUSSION
Measurements of pH made on the skin surface have been termed variously "pH of the skin," "pH of the skin surface," "pH of the keratin of the horny layer of the skin," etc. It is probable that all measurements that have been made by past workers and by us have determined the pH of aqueous solutions. By definition, it is improper to speak of pH of a solid substance, such as keratin. It is probable that any reference to the pH of any semi-solid tissue of the body, such as muscle, skin, etc., ref&rs to the pH of the aqueous solution which bathes the cells of that tissue. Some attempts have been made to measure the pH of non-aqueous solutions, but certainly we are not concerned here with any such system. It is believed, therefore, that the measurements which have been presented in this paper are the hydrogen-ion concentrations of the film of aqueous solution on the surface of the skin. It is further believed that any contacting substance may influence the pH, whether it be an external contact or something which gets on to the skin surface from within, that is, skin secretions. External contacting solutions, which are neither strongly acid nor basic, and which are not buffered, do not appear to change the value obtained for the pH of the skin surface. That is, unbuffered solutions of varying pH quickly assumed the pH of the surface of the skin. Future papers of this series will present data on the pH of the skin surface as it varies from area to area, from individual to individual, and as it varies with age, season, sex, etc. Also, it may be possible to determine more exactly the physiological factors which are concerned with establishing the pH of the skin surface.
SUMMARY
A technique for measuring the pH of the skin surface, using a glass electrode and vacuum tube potentiometer, has been described. It has been shown that addition to the surface of the skin of unbuffered solutions of pH varying from 4.0 to 9.7 does not alter the value of the pH obtained. It has also been shown that the pH of a well buffered solution is the same, whether the pH is determined when the solution is in a glass container or on the skin.
